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(57) Abstract 

A curable composition which has curability even at temperatures as low as -20 to 5 °C, has a low viscosity at a low temperature, and 
gives a cured article satisfactory in material properties such as water resistance, chemical resistance, and mechanical properties. The 
composition comprises (A) a heterocyclic compound represented by general formula (1), (B) a compound having per molecule two or more 
electrophilic groups reactive with a thiol or -S" group, and (C) a compound having two or more nucleophilic groups per molecule. In said 
formula, n is an integer of I to 10; X 1 , Y 1 , and Z T each independently is oxygen or sulfur; R 1 is either a residue of (D) a compound having a 
cyclic ether group or hydrogen; and R 2 is a C 2 -i 0 hydrocarbon group. 
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#>J7yA"ft£« (B8) ; Z~6«*fcii*na±©#y *^»K>»t7 >J 
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2 flJK±*F*"Sfl:£4& (C) ) 
^ : F+(c*^tt»^2^JK±W-9 u ^^^ (C) tLXii, (F) 

, #U7$>Mb£«j (c i) &a**©flflffi# (C2) (C3 

0 eft £©•?*>. if* L^oMU 7 5 J ft.&m (CI) X(i-t08JK# (C 2 

^*ic*:»tt**2fla±*rt" (C) <D#®&Mt Lttt, Swa 

1 n - S c o t t ©JfcMtt'* "5 ^-^-iicHsi (J. Am. Chem. Soc. 

, 9 1 m. 3 1 9 1. 1 9 6 8 30 £<0~ 1 2 ©fgffi© k©-?*>fttf# 

icK^Sti-f. flAtf* 7k$?S, l. 2, 3i7=;S^ x;i/7w 

(0i]x.te*@^7x*y) ^'Wbft3 0 

#U*-;l/ (F) <bLT(is #^rtfc7kl*** 2 ^±W^*ft£»tt 
PB££ft&^\ 2 ~8ffO#ff7^3-^ (F- 1 ) , |'J7i^l/>x-f 
^iJt-A/ (F-2) , #<Jx*f /l/#!J *-;U (F-3) , *£tt#U*- 
;U(F-4), ^'jy^^xy^'Jt-^ (F-5) , o*Ltt*#U*-^( 
F - 6) , 7 7 U;i/^';^-;u (F - 7) feit^cnb© 2 SEl±oi^W<f 

tf <2>ft£o 

±K2~8flS©gHI7;l'3-;U (F - 1) i Lt(i> ^#^2-1 2©x-r 
;p«*WLTV^Tfc«k^^b7K*^ffi7;i/3-^*<^7*t>ti5o attflfcfcU 

7*p hfi/>ru 3-;u, l, 3-7fi/>/'J3-/b, l 

;b, •;xfU>J'ij3-;l/, ^t'Of^'Jn-iK l, 4-t"X(hKo + 

i/^D^t>, 1, 4 - fc'7. (t Ko*->if^) 0-t?>, 2, 
2-t"X(4, 4" -tFo + ff^D^^) ^D/<yf02|7^3-^ 
; 7* I) -b 'J h U / f - a - ;U7" a > ft £*© 3 fl}7 ;U =i - A/ ; ^ > 7 x "J X 'J 
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1 5 

|>J7;l/*L/>x-fil/t;'Jt-^ (F-2) chLTfi. Wt£S2&2~8©& 
ttTk^J^^^W^ttl^^tl (a) (C7Ml/>t + f-f K (OTAO<hB&IH) 

(F-2) ©j&TO^Mtes MS 5 0 0 ~ 2 0 , 
0 0 0 . ft£ L<te5 0 0 - 1 0, 0 0 0 N Mfclfi; L < « 1 , 0 0 0 -3, 0 
0 0 T&6o 

Stt7k*« ; f**^ , Sji^«i! (a) tlx it, &mTJ\s3-ji Ca l) . ^ 
|7x;-;H(a2), 7;^S(a3), # U ( a 4 ) , -J 7g? 

S (a5) , d?Uf-^-;U (a 6) ^WbftSo 

£flj7;l/3-;U (a 1 ) ; MkE© 2 - 8 ffiO^ffiT^-^tlHI t ^©^tf 
b & o 

^|7x;-/H (a 2) <hLTte, &*»6~ 1 5, tiS!2~3©7x 

;i/©s^t*x7x;-;i/A ) b'x7x;-;i/F, t"x7xy-^siob'x7x 

7i>i(a3) £ LTtix UHfctU ~2 0 07^^7 S >H (7*f7U7 i 
, 7-'J>f© ; e;7;>l;if U>^7;>, h'j/^U777^7 
, U>'^7i>, ^i^l/>MJ7;>*©m2~l OXiHtl 

J&Lt© 2 - 8 ffiX(i-enJet±©Ig|RFSl^ U 7 $ 7 ; b°^5 y y, N-7Wxf 
;l/f^7 7 7fcJ:tf*©tiii#&Bg5 5 - 2 1 0 4 4^&#K«©**StS;# U 7 
^ 7£i ; i?i/^D^">;M^>^7; 7, -<7*o777S 7*©JBS£#y 
7;>;7x-l^>^7;>, h 'J 1/7-77 ^7, ^if /I/ MJ b>v?7 ; >, 
+ y'Jl/>^7^>, ^7xx;M^>^7;>, 77 x -;Ui-f7l"7 7 ^ 7 
, * 'J 7xx;M * 7* U 7 5 7H©^§^^ 'J 7 ; > ; fcJ:0'^y 7 
7;>, w;-^7;>, MJx^y-^7;7 h 'J -f 77°o^V -;U7 
^fot;-, h U -©7;u* (!£*&2~4) 7 ; >lf 
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ti>)j}JV#>m (a 4) tlTtt, &tm%(.4~l 0, tt6S»2~3 0*;U** 

^ (a 6) tiximfcrv <t&®tmfcik%t<D in z 

tftLtzft&fcmm^fiit&m (a) & 2 #iau:&ffl-r&c£ * 0 

fitt**!*^*^* (a) {cM*n-r5A0<bLT«> WELfcfc*tt2~ 
2 5 0ftft7k*JR**1M hmtfif^t+t>f K (EO) , ^Dh>>^ 
*1MK(PO). 1, 2-, 2, 3-feL<ttl. 3 -7*f-l/>tf*1M K, 
f- h 5 t KD75 > (THF) , a-tl/7^>t+t^ 

5 V^Aftin&Kf-y 7*Lfct>® : fl-Titifcffitlca-fcSttfcif-U^*** K 

M£ o~5 o mm.% (lift l < a 5 ~ 4 o m%) tu o ~ 3 o a»% ($? £ 
cne>0AO©9^T'«Ft Lv^fcottEo^ik. pom thfw, po 

fectO'EOO#ffl, POSa'/XliEOiTHF©tffl 

8 (F-2) ©ft&tfte, »ffl;2~8, L< (4 2-3, i < icjf £ 
L<tt2-(?*So (F- 2) ©^ISfDflEtt^tt^^ff* L<s iiS 0 . I m e 
q/g^T> *f * L< tt 0. 0 5me q/gHT\ $ £(C*f£ L< (4 0. 02m 
e q/gJ^TT*-So 3£ (F-2) l ft*iM6£**M:#K:|BJfe* tl 

fcl^ JiFS L < (4 3 0 - l 0 0 Hfcff* L<B 5 0 - 1 0 0 %, $ 
L < (4 7 0 - 1 0 0 

|ijxxf;^'Jt-/b (F-3) (c(4, {£#^*-;u&tf/X(4#i L * l 
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^Db'b>r'j3-;K ^yDfl/>^'j3-;k l, 4 -> 1, S--f9> : J 
t-;k ^t^>f;^'J3-^ i, 6 -^*-fr>£*3j--;i' ; 

<&^ : Jt~)Vm [fc<k*.tfft&BS4 5 - 1 4 7 4 ^aiEtt©fc© : t'X (t 

&NiTJV*>\, Qfe*8:i~4) xxf;KJi'] fcJ:tfClft&©2SJ£U:©S 

CnbO^'iiXf^'Jt-^ (F-3) OftftfliLTIi, #Uxf-l/> 

# U *t A 5>f/l'7y'<- h i?jr-Jl, ^'Jxf U>7of 
U>7'M-hy*-^ #'Jxf-U>7f l/>7-7^-h-7t-;K ^ 'J 7f 

-bi>3t--/K ^'J xf uy-tr/N*7--Fi ? t-;k # U >T-fe? I/- h ^tf 
-;K ^'J7f l/>-fr^7— F^t-^f 0#'Jxxf^-7t-/k ^'J*7p 

M£ft#'j5j--;u (F- 4) £LTii> #U#-;u (KfE# U r;u+L/>x-- . 
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«ffl^St;:«J:*)ISfc<©#S*U*o 

Co LTIi&nsfi^* 1 ^-^ (F- 4) W\ a#3 0-7 0 fft L 

< W4 0~6 0 %, JllZ&t L< tt4 5 ~5 5 L < tt 5 0 ~ 5 5 % 

#y ^yi^ij^-il/ (F- 5) t LTtes 1, 2 - f--rt/*J&*W"t5 
t>o, l. 2-t*-4/*aii. 4 - h7 vxJiit ££#«*>©. jocto'i, 

4 - >X$i££W^3 &©^'W£ft6o 1, 2 -b*~;Ujgii<h 1, 4-h 

5 yxfllJiOffl^ttfl^^^SCi^T?^. Witf^^JfC 1 0 0:0-0: 

1 0 0T££o ifc^'J^^^^'J^-^ (F-5) Idi^^^'Jv-fci 
tfntfij-?- C^l/VT^ 5?i>3#U -7-. 7^'JPiMJWyi>a 

f> >; v — tit') * &tf{ccftb©7K»in$i (7K*&in$ : 2 o ~ 1 o 

0%) ^*ns, R#iJ^5?i>^ij3-A/ (F-5) ©Ifc^i^TMteil 
# 5 0 0 ~ 1 0, 00(|-?*§o 

t>£ Lftfe&tf U*-^ (F-6) iLt(t t>£ Li* Ufa (h 

ij ^ f-p-^yp^x ^v^xijx'J b-;u/<££'©£fli7;i/=!-/t/-e^tt£ft 

7? U;u#U*-;i/ (F - 7) <h LTte> U ?) 7 * U 2 - 4 

©7/i/*u>:**iM K#i~i o o *;W*iDL;Mb£&©fi£L *:*>©> ^jx. 
te*2 - t Kn + ->xf-;l/7^ 'JU-K 2 -t Kn + ->^u hf;U7 9 U U— K 

2 - t Ko + ^if^> ^iJI/-h, 2 - t Kn*->7o fc*;M ^'Jb-h 
, ^iJifL/>7'j3-;b (fi£j£2~l 0 0) *r/7?U L/~ K *'^nt' 

u>^U 3-;u (M^2 ~ ioo) *y 7?U u- K #u xf-i/>^r»j 3- 
^ (S££2 ~ ioo) *;^^'Ju-h, #uyo truv/y 3-;u (S& 
j£2~i oo) tyy^^'Ju-K #*tf&tt5o en «k 
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T ^ D U *-;U (F - 7) O^TO^-?fi{iii^ 5 0 0 - 1 0, 0 0 0 T 
<fe & o 

#U*-;b (F) (7k$tS^«9©#?«) tt, mi 0 0-1 0, 0 0 

0. jf£ L< « 2 5 0 - 5, 0 0 0 , Mi:ff*L<tt5 0 0 - 1, 5 0 0 7?** 

o 

#'J7W^« (CI) X(S^©Hu|g^ (C2) (i N WlCll7;7i 

& 0 if* l< i $7 s ysfe s tj>vt/c(i2iSST ^ ygjcs^-r* 

Stt7kf££2~l Oj@WlJ-£ftimKte*©MiK#T*?K IlcffUdi 3 
~8fl*-r*ft^«X»±*©WK#T?*4 0 #'J7;;ft^« (CI) X(i^© 
iifffitt (C2) ©Ste*^* (Stt7k#l«0©#?S) tt. »flU 5-5 
0 0 L^O« 2 0 - 2 0 0 T?££o «tt7k*S*0^ 5 0 0 JBTFT 

ff-e&0s 1 5^±T-**<i:®«©iiit^o n ntt, 

S^OftttW!?*!, (C2) ©Jf^^^n^T^y^^fC^o^ 

(C 1) ©45'J7; />fb£$l©0lj<t LTli. BIT® (P 1) - (P9) *<*ft 

(PI) MrlJi* U 7 5 >S (ft*»2~l 8, t#IS^2-7, ^16 0- 
5 0 0 ): 

( i ) mffiMtfVT i y IM2~6©7;^l/>^7; > (^*U>is7 
ynt*Uy-;7;>, MJyfl/>^7;>, f ^^f l/>^7;>, 
^tyfl/>i?7; >tt£°) N 'J77U*U> (&*#2~6) f«'J7;> [ 
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2 0 



(i i) cn^©T^+;u a%mmi~4) ttzitt Ka^^7^+;u (mm 

$U~4) VST*'***' (£fc*#l~3) 7;yynh , ^7; h 'J > 

U>v?7;>^ 7;7xf;l/x^y-;l.7;>, 2, 5 - : J / f- 
;l/-2, 5-^t^b>^7;>, yf;K;yh'X^DtVl/7i>4-<!:] 

♦ 

( i i i ) fc{ia*SR^WIISteK* 'i7; > ( 3 , 9 - fcf * ( 3 - 7 $ 

y/nhVU) -2, 4, 8, 1 0 -f h 5^- + 1f7> fc'o [ 5 , 5]*>rrt>fc 
if] ; 

(i v) ^il!tt»7; >^ (£fc*&8~l 5) C+S/'J U>i>75 > 

(P 2) iWJ7i > (l**»4~l 5, Wt&Stfc2~3) : 

1, 3-y7;/y?o^t^ >fV*D>-^7;>, y >-t? > -^7 $ 
4,4' fl/>-;->^ n^f>5?7 ^ > (TKj^y f-U^^T-'J » « ; 

(P3) **3»a^Ur5> 0**84-1 5, t«j&2~3) : 
tX7v^y, N-7;7if^tX7^>, 1, 4 - v>7 5 J if- /I/ tf^5 i> 
1, 4 t*X (2 -7 S y - 2 f-^yp tVl/) i^Xf ; 

(P 4) »»K#'J7S >m C&*&6~2 0. Wt!gifc2~3, 0 0 

- 1 0 0 0 ) : 

(i) #KJft35r*BS#y7$ > Cl, 2-. 1, 3-SO'l, 4-7xib> 
9Tiy, 2, 4'-&tf4, 4 '-^7xx;M^>^7;^ ^;b-Fi J 7 
x ^>^7; > Of> U 7 x x.;l/tf U>#!)75» , : J7 I J f JV 
ix;l/X;l/t^, f-tVT-V t*X (3, 4-';7;77i- 

;b) 2, 6-^7^^^^ m-7iM>^;l/7$X b U 7 

xx;m*>-4, 4', 4" - b >)7i y, -f-y^uy^Ti ym ; 



(i i) «H»7;U*;H£ Of- /I/, xf-;u, n -£J;tf i -7D fcVK 7f- 



!J7;>, b 'Jxf U>f b5 5 x b? 
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^f©MCl-C4 7;^;H) 2>3rmm$ V T i >\ ^ijx.(i'2, 4 

>-^7;>, 4, 4 '-^7;;-3, 3 ' - ^f/l'^i-W^, 4, 
4 ' -tX (o- ^» . V7- : s : J>^ 9T i J 'J h V JlX)l*>, 1 

, 3 -S^f-ZU- 2, 4 - v^7 $ y<>-tf 1, 3-^x7^-2, 4—77 
WO-t?>^ 1, 3-^>f/l/-2, B-i?7;;^^>, 1, 4-7x7 
;l/-2. 5-y7;;^>t'^ 1, 4 - 77d t°;U- 2 , 5-i^7;M 
>-fer>> 1, 4-777^-2, 5-^7W<Vt*^ 2, 4-77W^7 
7U>, 1, 3, 5 - b »Jx r ;l/- 2, 4-77S >"^7-fe'7, 1, 3, 5~h 

4-?7;;^>, l->f;l/-3, 5 - 7x7;U- 

2, 4 - 77 ^ J^yM V N 5-7x7;U-2, 6-i?TZJ 
Ky^fy s 2, 3-7y7;U-l, 4-y75;t7^l/>, 2, 6-7^7;U 
-1, 5-^7i;t7^1/>, 2, 6-y-fV7Dt;V-l, 5-i^7^t 
77U>. 2, 6-77x;l/-l, 5-^7iyt7^l/>, 3, 3', 5, 5 
'-fh7>fM>yy^ 3, 3', 5, 5 '-fh7^77Pt c ;K>^ 
7 7, 3, 3 ' , 5, 5 ' -7 h5> 7;l>- 4, 4 ' -s>7 5 V 77 i-iM * 
> N 3, 3', 5, 5 ' -f h7if*- 4, 4 '-^7;y^7x-;^5> 
s 3, 3', 5, 5 ' -x h 77d 4 , 4 ' - 77 I J 77 

3, 3', 5, 5 '-f h57^-4, 4 '-^7;^7i-;l/^ 
7 N 3, 5-i?xf;p-3 '-^^-2 4-^7;;^7x-;M^>, 

3, 5 - 7-f V7d hVU- 3 ' 2 ' , 4 -^7 ; 7 ^7x-/M ^ > 
N 3, 3 '-^xf;|/-2, 2 ' -77 I J 7 7 *-JU/ 7 7. 4, 4 '-77 
^ y - 3 , 3'--^fi^7xx;M^, 3, 3', 5, 5 '-7 h 5x7 
;U-4, 4 ' -S?7 5 ;^> , /7 1 ; 7 N 3, 3', 5, 5 ' - 7 h v <i 7 7o 
tf;U - 4, 4 '-y7i;^>77x;>, 3, 3 ' , 5, 5 ' - 7 h7^7;U 
-4, 4 ' - C J7 i J ■;7x-iH-fJW 3, 3', 5, 5 '-fh7^77 
pf/I/-4, 4 '-;7;7^7x-;l/7W>f] , RtfC ft 

( i i i ) mm^M^^m (C l , Br, I, Ff0^ny>;n + A 
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x h*->^©7;U3*'>S ; x Fnlf) *Wf-S35f#*#y T5 > C^^U> 
t*X-o-^DP7-'J^ 4-?nn-o-7x — U>-77 5>* 2-7n;U 
-1, 4-7x-l^>^7iX 3-7U-4-^DD7-'J>, 
-1, 3-7i^^-;7;>, 2, 5-77D7U-1, 4-7i-b>^7; 
> N 5 h a - 1 , 3-7xxU>77^>. 3 -it* 4 -7 $ J 7 

xy>;4, 4'-'77W-3, 3 ' -i?/ f-fr- 5, 5 ' - 770*-- *77 
x x;M7>\ 3, 3 ' -72 DD^y^-;^ 3, 3 ' - 
7 N t'7 (4-7;y-3-^nn7i x;U) #+7 h\ f X (4-7^7-2 
-?DD7i-M 7*D'^, h"X (4-7;7-2-7ao7i-;l/) X;l/* 
t*X (4 - 7 $ J - 3 - ^ h*77 x-AO x# 7. f X (4 - 7 ^ y 7 x 
x;l/) x;i/7-r b\ t'X (4-7;77i-;l/) f;i/'J h\ t'X (4-7i77 
x-;i/) -fei/- K> fx (4 - 7 ^ J - 3 h*77xx;U) 7x;U7-f K% 
4 , 4 * - / f- U 7 f X ( 2 - 3- K7- U 7) > 4 , 4 ' - * f- 1/ 7 f X ( 2 
-7n*7-'j 7) , 4, 4 ' -M fl/Vt' X (2 -7/l/to7- 'J 7) % 4 - 
7;77i-;l/-2-?nn7- l J>|) ; 

( i v) 2^7; ;mZ%-fZ%mm$>)T i 7 LhlE (i) ~ ( i i i ) © 
3Sf*fc#y 7 S 7©-NH2©-$£fcli£g&j&<-NH-R ' (R ' «7;^;b 
g0J;L{iV *7U, xf;Hofi|7^+)H) TB^^ofcfeO) [4, 4'- 
•7 (yf/l/7;7) ^7x-;M^>, 1 2 -^f;l/7 ; 7- 4 -7 
~y<7-tf7^) ; 
(P 5) #'J7; K#'J75>: 
7*>/u*K7ifc iiilijo (»1 2*^/JH±©) #'J7 

i >S (WtlS»2 ~7 ©±E7/MrU7 77 ^ 7, # U 7^U>^'J 7;> 
m tOH&K&Q&btl&XVT i Ktf'JTS 7 (ifc¥^l5T« 2 0 0 - 1 0 
00) f; 

( p 6 ) # U x— r;U# 'J 7 5 > : 

MYMO*MWb (#^« 1 0 0 - 1 0 0 0 )^; 
(P 7 ) x#**>ftlO# 'J75>: 
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1 0 0 - 1 0 0 0 )^; 
(P8) <>7> xf-;Wb# U 7 ^ > : 

T 9 'Jd- h U;l/<k#U7$ (_h!E7/i/*l/>s>7 S >\ ^'J7;i/+l/> 



(P9) ^®WJ7; 
(i) h F7^>I (t K7i^A t;7;l/+M K7i^>f) ; 
( i i ) : JtY? : J v K3S t K5 ^ >v K. 7 $> tf b K5 'J 

(i i i) r7-^>iS C7?/U77-Z>>, l-->7;^7-^>f) ; 
( i v) ! J->7> s J7i m ; 

±E (PI) ~ (P9) <Dr>*>. **W©«^tt»iS«!l»-Ka«^tt*4^* 
fci&K. ff* U>©te> (PI). (P2)> (P3), (P 4) fecfcCX (P 5 
) #£*F* L^Otts (P 1) &tf (P4) T?*So 

©huie^ cc2) ^fflL/cii^ ^>«;7 s Jit-k^ommw (C2) 

±IB#U7 5 y^«©8ffe# (C2) £LTMu 1 IRXtt 2 ft 7 S 

Tie-^xC (4) ^snstt*3Bat*ii>tt< it>2ffls^-s**»^w^«B 

(C 2 1 ) „ tHW-TIE-JK (6) T^nS^S Wb£$l (C22), 



> h U 7 ^ >30 1 0 0 - 5 0 0 )^; 
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# u >r v ->7*- h (c 2 3 ) wt/s: *F* L < a. fl-^rtfc. 

TE-lftS (4) t?^$tl*a*3«**il>tt< il>2fl*f 

(czi)s &t>\ ^rttcTE-jRS (6) -e^snsfrf-s y\t&m (C 2 
2) -e&Os =k«9*?£L<(^ ^rticTE-*^ (4) 7?^$n*a*aia£* 

'>tt< 1 1> 2flW*s«*si£Wfl:£4Si (C2 1) -e££o 



~ 8 ©7 U -/USk L < (i7 5 Jl*Jl&-?&<0 s R "tR LTft*tt 5 

~70-/?D7;^/^«LT^TUl>o R' 2 (i, #U7;y^« (C 
l ) olSti^o 

±Ktt*»£*T'fcfc«!l (C2 1) li, (4) -?*$n&«3S 




R 5 R 6 



R 12 — N=C 
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l&5£ (5) -e*£tt£4b£tJT-£>3o 



o 



CCHCH 2 -N, 



R' 




R 5 R 6 



,0 



(5) 



J j 



5£ck j t*2~ 1 OOggu R 5 > R 6 M'R' (i±IS-^ (4) ilUC-e* 

So R 8 li. 7kSJf?££ii^7i/&-e&£ 0 R 9 (is * v 7 y i"b&$i (c i 

) tfirt^'J^--^ (F) £>g|g-?£>£o 

-8*3$; (4) TS£ft£$^lirWfl:£ti (C2 n iz&^x, r 5 &tfR 6 

7>yi^. i so-'fVT'f-^ sec-^f^ t e r t-7>;H 
, n-^>fiH> i so-^>fMv t e r t-^>f^ 

n-'s+WUg. i so-^->/H; t'-;US. T U ;USs / ? 'J 
^77°p^-;uSx ^n^A^ ; 7 x-;bg ; ^y'J)^mi)<mf bft£ 0 £ 
tz, R 5 , R 6 MR 5 £R 6 LTU5^ll?Mi:^ of: •> ^ 

mm&<D&frZ>s R 5 MR 1 tb-Jj^mm?, ^clij^H? 

R 6 ©4>te< <hfc-^'7K^M?s > f-7US^7 t ciii^7i/ST-ab^c<!:^#{cif 

h7/fl/>S, x^;l/x^b>S, ^>^^f-L/>S N '\*1Mf-b>Sk ^ 
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2 6 

±E-(&5£ (5) -C&Ztl&ik&mt&^T, R 8 it/ *)V&T*&Z> C 

HftS (5) 7H$n«Ml^ tW£)#?*teiI3?4 0 0 - 2 0,0 0 0 
-p*»K 6 0 0 - 2, 0 0 0 7*S:iA<if* L^o ttJ^ (2 5 °C) ttflft 2 0 
0~207jcp-C**K 4 0 0 ~57Jc pT*§CiW* U*o *t^3t^:»«: 
> iI3t 1 5 0 - 2, 0 0 0 ^^ 1 5 0~ 5 0 0 "ei6O«U'o 

±E-iRS (4) -e*3tt***ate*rtb£4» (C2 i) anw^Prt iciJ> 

HTK. ^Ofci6tl*3R^^b^ (C21) (i. ftSB^bTfcOiRAtftttt 

ntfft#« (b) fc£jre*tK -**ftttaiis«iffl©wftSd 

±iE-«5£ (5) -£g$ftStt&M. ^rtJC^< ifc-o©h Kp + -> 

? ij ;UKx^f-7KC7;U* / -;U7 S ^WftlDLfcfe©^^^ h 

7 ^ (C 1 ) Xtttf'J st--;l/ (F) £EJ6$ttS#£3ft::«J:'>#<5C:£ 

y 7? 'J n^;U^-+i/S(cftjtaLT3|R7 ^ >*M^5R^Jfe<!fjtBC h 

±E-®^ (6) T^ftS^?^ Wfc£4» (C 2 2) fcSfc, 7Ki©S^{C 

<t d i^xii2ifto7 $ ys^t^wesb^o ±E-jft5S; (6) 4\ r 

,0 &tfR"<i:LTte. ±E-«S (4) ®R 5 &tfR 6 t LTWi*$ftfc b®m 
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±e-»s (6) t-i^nsyf ; xt&m (C2 2) ©na^rffit ltk# 

icpg££ftii\ M*Ji\ # 'J 7 s yMfc£«j (CD dr#;^-;Mt£^i«7k 
l£££fS $ S c <t fc «fc 0 & 5 c t i)<tz H 6 o 

±E#'MV->7*-h (C2 3) fcSfcs *£©RJfcK«fc«3 l«*fc(*2» 
©7 5 JM£!kf&t2>{t&W-?&6o ±IB#U'f 7->7*- h (C2 3) tLt 
«x MSB (B 2) iHtt>OA<fffl-p*5o 

*^B^©^MttS ; &^+{-2^J^±W1-^^fel (C) iltli, *Uf-* 
-;b (C 3) MtSCifct^o ±E#'J^*-;u (C 3) am ft 
*#l~2 (K Wi&*tt2Xti*ftJa±©7;i/*;Wf-*-/Wb£«B* l, 
4 -7* l, s-t^^-^xy^ft-^fo ^'Jxf>^t^F 
(Bl) ^^^^©S^JCkoTm^nS^^-^ ; ft&tfc2~2 0> SH 
gifc2Xfi^ftJ^_L©y ^7 h # (^l/^FII, ^/^yh^n 

;l/*^FXf7'Jy|ff) i^ij^--;u (F) iOxxx/Wfc^tfSW^tf &ft<S 
c :nb0^ff*Li»©»> ■pyxm-fF (Bl) £«Mtak*<J:©EJ6t;: 
J: o T $ h> ft -5 f- * - JUT * S o 

±K^-rP»£*Mt£«0 (A) ©X ' x Y 1 S.O'Z 1 ^TK*^ ©»^« 
, ±E**tt**^+K2«JK±#f *^«JtLT#Uf'*--»U (C3) £ 

±IS*^S^OT+{C2M±Wr^^^ (C) £LT±E#IMV>7 
*-b (C2 3) fcteffl^S*^ V->7*- h#*£RJ6-*-*;:£fc«k 

OTjys^i, ^ti*<#u-r v->7*- h<hsjc-ra©t?*a^\ (b) 

t LTlitf »J -f V i/7*- b^©k©£jIiR-t3©^$F£ L^o 

ttat*2fla±W"rs^ i » co ©it^ti. (b) 4>©*i?siii:^u 

(C) =t>©*«ttS*<s 0. 7~1. 3T*0s L < (is 0. 9~1. IT? 
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«ftfc©»**fe, iiMOfiTyi<ffHK (B) iAfnltf 
4k&to (A) ©lfc*M\ (B) 1 ffifcSfU (A) *(D-sxp^S 

0. 0 1-1. 0 Ufa 19, £F£ L < (i> 0. 05-0. 8!;&2> 0 Z.<D&m 

/sxD^#w^ti (A) ©&iD*w\ mn, mit&Mi&mi o os»gi$(c*t 

LTO. l*Mfr& 2 0 0 MUR-e**K Jf*L<t±0. 5liS^blO0 

^Stl^^ (E) tLTli> 3i7i Wb£*l (El). yy^A^H- 
k rt-lr-fy-^ a-fel'aiK ttKU 9*5 l±m®7 V4k&®} (E2) % h 
yxf-;l/#X7* h 'J 7iiWX7-f >*©;l/>f *4tt2Mfc£*0 (E3) H 
Wbll^o Ctt&K? ^fiF* L^feOlis 3«7;Wt6ll (El) ffti 

o 

±12® (E) iLTif*L^3ft7; Wb£t) (E 1) ^ti:3ft7i 

y»*wts^«n?*ntf4*»ciB5fesntt^o Mx-tf, &*»3~2 o. 7~ 

y£»l -4CJM7 ^ >t LTte> h!)xWS>, 
f- h -5x?-;Uy f- U>^7 fF^yf^D^V-l, 3-^7;^ x 
h7yf^+t>-l, 6-5?7"5>, O^f^-^xf 1/>|>|J7;>, 
^>^yf;k^7"at°l/>h'J7;>v t'T. (2-v'^f^7i;xf-;l/) x- 
x^L/>^ij (3 -PJ *)\>) 7U7nt';l/x-f/k i^yf-zu 
7;7x^;-;K y> W;;xh + yx^;-ik N, N, N' - h »J > 
f-;U7 5 /if/l'-x^ y -;U7 ^ : J / =f-)V i/ 9 o -yjU7 i >%f ; fiiM 
&9~2 (k 7; 1 -4©^S^7 $ >iLt(t y^My-^^7; 

N, K-'J^f-zur i J y ^;U7 x y -;u tdmp - l o j ) . h u 
x (n, N-yyf^7 ^ y y ^;u) 7 X y ~jv (mw fDMP - 3 o j ) m ■, 
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mm&4 ~ 2 0. T S J m& 1 ~ 6 O^^SS-ft^i LTtt, 1, 2-^^;U 

) -i5 1 ;Uh°^5v ? >> N-^ f-^*;u*U N- (N' , N* - ! J**A/T 
;Vxf;b) *;l/*iJ> N N->f^-N' - (2 -t Ko + yif 
'J >> 1, 8--^7f h'y^n (5, 4, 0) -^^-fey-T (» l"DBU 
J ) > 1 , 5 -S?7if fcf->*n (4, 3, 0) -y?>>-5 (ilfa TDBNJ ) 
, 6-^yfyV7;;-l, 8 - 5*7 If f->? d (5, 4, 0) -7>x-try- 
7 (» TDBA-DBUj ) N h 'Jxf u>-;7 S 's+lfyf-l/Vf- h5 

^Stt^^ti (E) (i. ttZmt&M, "^MiCjSDT. ^ 

M£ fcMiIIRtfttf<U^\ Mfts ^fP3IM!l:^ (A) l o 0H« 

(C 2 1 ) i Wfc£<» (C 2 2 ) ©jta7K#«PR*E©tt&£ LTIi, « 

flD7K#J»T?£ttfcltt*fc«2«7$ (B) (ff* L < 

+ <h©S^©Mi&<!:LTte±IE3ii&7 ;>g&t/t^7^ MJ7x 
-WX7^ > h U yfMX7 4 >^©^H^3 ~3 0 Oilt^7k***X7-f 

nt';l/7;^ N, N, N' , N' -f h5>f ;K+iJ-^l/>'77; >H© 
^ >3S ; N-> f-^fcfa 'J v^>, N, N' - ^ f-A* t°^5 v> >^ 
©flBJB«&3®7 S l/g ; ly'JA/Vt+frT I ^;U7 S 7 > i7 

-W^iI3l7;yi»i:fft L^o 

#f&gj [i] (om\t^mi^ttmm^.mm co Rcf/xaRjuw (h) 
^•e^tm^ ftwffittatin cg) am <i*jci83e$ntt^*<. =ta 
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$7vm&, *i/*>*, fci^u y%i)<mf z>nzo 

^xy|iU(i, 7^xyrfA v ^yyi^yrfA, ^;UrfA N ^f^i 

R) , r^Ji/-h/^^^x^i^ ^y^fu>Avyi/y*i^ 

tU7^ LTW\ i^>7n k' b>=fz\ (EPR) , ji^u>7n f 

l/yi>x>=/A=fA (EPT) , -fV^f ^yyf;l/x-f;H^ 

■ff-jizfi^ stf;DDx;^>jt# 'J xf L/>7b^(f t>n* 0 

LTH\ y y m^^ (h'j7;^o^noxf i/>/k*xijf> 
> Ka^-7nn7W7^ 'J 1/- H^#) „ xhnv^ fcitftf 

£'J LTli, # »; 7tX7 7 Hf>W^ni.o 

-> K^A N fci^ l Jx-f;H'Jxxf;l'7D.y ^l^fcffli^Ci^T 
Buf£7"^ yxyi^ Alti/XWLttzlt h5 >X^©^-rtl-e*oTfcct^ 
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HUE^3'A(i, MftfyW-mfttttf 2 , 0 0 0 - 1 0, OOfltiot, # 

pyy*«©t«l**W"t<6 *>© &^if £*l£o 
fflJBW££ LTiis ^'JxfU> N ^ij-/nh°l/y, tfijxf-uyf- U7^U 

K |tt*'j7ixl/>t*>> Ks #'J7f U>fU7^U - K jgft 

mifcz-y : J -7 v y^75xf »^iLTH *n;i/7t^ ^'J7ix^ 

LTMSJfc-?, <t&® (B) : i^SIMflli (G) = 

1:0. 0 1 ~2> fiF* L< teu 1:0. l-lT*5o 
JftftSiJ (H) itm #{cPB^$n«^76<> Sttfi^ W^>f K 5/UXr/ 

-So ttz, mmmt iTimm&T\ ^fDJltw{k^ ca) :j&&*d ch) 

= 1:0. 01-0. 5 s ft£ L< te> 1:0. 05-0. 3T'*^o 
^ffiU ff^*77'J >^«Hf©**tt|Sl±ffl^ (2) t>^-K7^yJBx 

(3) <>'/7xy>!lis ^>7h'J77-;^ t'Jf;Hxxfim, &jr 
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mM'<y7 4 yr^^-^m^mmmtvmmo^mm, (6) ^77^97 

V'f ^n^"j7^"J>9'V^X > M£9y7X N ®o7, i«n7fi#^S 
^'Jtl/7^f©7»;^X^ (7) "C>5>4/7;U=J-;k b'^*- 
^ >^©#Ej£tt#fR£lk (8) fiMI/iJ y-;^x-f;K flS^/ 

9) Bt&fijuz/QA. iitv ?Ji?, v-r^ N ^yh-t-Jbs 9 i/-, -feu 
K 7X^xK #5X«8L ftglftNL 75; KHfeMI^ t^P>ii, 7 
trVfrmm. #-5x/<;i/-y s ->7 7/<;i/->, 7^'J;i/i 

*©3fe«*ik (10) A-#>77 7^ IMbf-*^ ®fh ^7 

Isy h\ fctt*#K (11) ||if;k h7Ux>> 

® N x-r;u^ ^rF>»M (12) ftfaMs (13) Mftk 

> y y ij y 7" >; > /Sk *J4Vi/7*-\> it&®, -h Jltf : J 4 I Mb£4»#*< 

Wbti^o (H) otm, (i5)jtar?w. (i6) sjMk d7 

) tt&Mftk (18)#^ (19)M#k (20) 0>J;L(i'7 x y - 

(2 1) U"<'J (2 2) #ifc£iJ (2 3) 5 ^//^M^MJ&iW^ 

£ft&®&flO*iift*ItT. SfjT (B) :»Hd«J=1. 0:0. 0 1-2T&0 
s *ft L < tt 1 : 0. 0 2-1 -?£>£ 0 

~ (3) wj^$ns 0 

(1) (A). (B) , (C) *»£L;fc3«0JB-Cfc:£U B^- 3 

Ts U «ffl8H«7}iS^LTffll^afc. (A) atf/x 

(C) *{C^ioL/c^7r^^f SCi t7?ISo ) ] 
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(2) (A) (B) (Dm&m, W (C) (D%iALLtz2m<DmT*&ftl 

(3) (A) s (B) , (C) ©«#tt£iS®JB-£ft#L* ffiffifttt*©* 
iffflt^ [ (ffitiS^t*5^Sttlt^ (E) (i % *2)$»iLTs 

^te^J^^S;^^©^ (1). (2) oMMfrftlzftt LUc 
?*lZ2®&>±.GtZit&® (C) iU#'J7;;ft^Oii# (C 2) £ 

c C©J§£©S£»©7k#te, 5. 0KJHT"P**K ff*L<»il. OKJBTF 
©ftflgft (C 2) Ltt^J§£«, (A). (B) &tf (C) 

(B) ©«MtRjea<iM&$n*©-e, ±e (1) x(i±is (2) ommvmmt 
So 

(i i i) y^^^'j- s„ 

(iv) t*-X5;HiJ:t)SiW-rSo 
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(v) 3*a-J\slZ.&t9mMt&o 

(v i) x** hfr-y-mmmw i&imiz&iommi-Zo 

*i^o«jtttMiOSffl^li, #fcfjii]|5g£gtf (1) 5°C£iT 

©&iS. (2) 5t^b4 0tSt®m (3) 4 0°C^^ 2 0 0 °Cfti£^-e 

(1) ©^#iU(i> 0iJ*.te'3^*t!k ^i©g*k ftS^cteftSfuilfrt^ 
0»*^ ilKi*U7; >©<fc9^ii5£]Stt©ft£^ (C) ^f^iT 

«tt*«roft^«B (C) «rffi9Ct7?*ftnTllT?*5o 

*fc (3) ©*#B, Jn*&M«3»*-P**K if©J:^tttt«Tf*>ttfflnrtl 
HR«tt©ft^«B (C) *ft5£^tt*M#«<tt&ttVW&^fc«> 

©ffiffitt (C2) t«fflt4«^T*oT, ttftttlftfifc'ft^-ttRftttfilfiliJi 

% (B) tt N ^mct »9 Hlc^Sttft^ (E) * 0 
ttft^ttfcftffl*-* C £ £ «fc 0 > flrfittl^ LfiS-e©KJ6«!fttt3&^|fil±^So 

a mumm £ n s ft$H^# * ^a^wft&tticjt^&jtwattjws < . 
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^rvm^it&W (A) 12. miKfc&MtX, mt%Q<D*v h "7 

[ 2 ] mm 

±E^TnSjte*Nfc£& (A) <b±E**tt**» : f+C2fflJK±W"r5^ 
(C) <fc* : p»RJ6;*-£fcKJ6£j£1& (Tl) (2, ±K*m ; Pg£#? 2 
fiJ£l±W-rS^«3 (B) Olft»4LT#ffiT?*4, ±85 (Tl) 
«h±tS*«?S*^*^2flJK±Wt-5^«!l (B) tlil^tSCii:,):*) 
s ±ffi*m^g£#^{C2fi&±Wt£4fc£$j (B) OSttKfc&M&'rsc 

#f&BJj© [2] ©«*b#JT**55JS£jifc#| (Tl) 0«!a*fttt, (A) t ( 

o *Rj63#*#&T*ntf#iciBj63ft<a^ mz-if. (a) i co t 

SJfcMtl (Tl) £#&/ca6iC, (A) £ (C) ££l££-t±£il£©ifc$(2 
, (A) *^fn|S: (C) 4>©*Mtt^= 0. 0 1~1 : KffSUtt 
, 0. 0 5~0. 8:lT&£o (A) * ©'Xx P«g©JtW. \^Tf<D^ 

1)<i&< tt& 0 

fi-ekRiST? (B) ffiUli (Bl) *o 

ttz, ±E#«tt**#?#»C2«£U:W**ft£«& (O ^7;;S^ft 
6*>©T&61§£, 7 i y&<D-%ttzte-kW (A) T^tt£ftT^£fci6, 

£fS£jifc^ (Tl) t Lis #*L^©ti, 5H L 4>{C5 L *--^S&;Uv / Xf2 1 
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Hi; l< !±2i7; j mz&$kt zm&Tkmz 2 n~ 6 m^t 

Jf£L^©te5 0 - 3 5 0 -e&£ o ?g#7X^^S^\ 5 0 OZBt-Zt. Q 

5fC£/M3 (Tl) * (B)ff*L<« (Bl) ©fcfbJWi LT{£fflt£i§£ 
0. 5-5. 0-e*i9, fft L< (i. 0. 7-2. 0T*3o 

$3 (B) *^-rs«aifi«*^*fti^5c<fcic«t»9^ mm^omimm^mi 

<fa±Zik&Ctifi-e£So frfr&W4tl&i&1th£lt. mj&VlltptDik&WGtZ 
[3] 

[3] ti, en <Dmt&&tiL9i%m&isitTt£?>m4t®. 

i L < !i 0 ~ 1 0 0°CT*«9. L< (3 5-4 OWSo — ftflMfctttt 

-1 0 0%R. H. 4*K#$ L<te3 0 - 8 0 %R. H. T&<5o 

n*iWtt»#~i o ora-cfcSo cftbOSMite, »7ktt, lift 
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( i ) fttt£ftii*M : & 2 sal 3 izTfi+m&omf&m*. tf? *«±KKi¥ 5 

0 0//m«L, 2 5°C\ 6 5 %R H* fctt 0 °(\ 3 0%RH©^1^I:M 
( i i ) SISiftK :*2atf*3i:*tE^©«rtl!*2 5°C. 6 5 %RH©# 

(i i i) *&gftK : ^2SlO'^3 {c^^@e^o|fi^^+^^^L/c?^P H 1E 
3i««±K5 0 jum©Jf 2 5°C, 6 5 %RHO^iiT-e 7 

SL KfkStffcSU J I S A 5 4 0 0 lc&3E$ttfc;fr&fcflfco"r»»Btt 

( i v ) »7ktt : ft 2 «fc ft 3 lCjj**B£©«J5MH* 2 5 °Cs 6 5 % RHffl? 
ffl»T"C 7 a RlJSfcll U SMtS-frfco :oWfc«*, iIT«i*i:3 o BHDS 

(v) : ft2*J«fcCfft3 lZ7fiirm&<Dffi.ffc®% 2 5°Cs 65 %RHfflgl 
^TT7BFIMU BMbS-frfco CO€«^x g&T 5 Xtttt?k&ft£ 3 0 

(vi) M:2 5°CX(iO°C-e2^F H mpLfc^, fif«££|5]&j£TBII& 

sit{3T« itz 0 mmm 1 ~ 9 x sum 17-19. jtwj 1 2 ~ 1 4 1* 2 5 
°cTs hwj i~i6 i~i 1 no vTti&mzmfe itz 0 

SJCMt-ft-fb** 9 OiStJMkU f-)A5S|i, fh5tKD75> (TH 
F) 1 2 0«£{fci^T»#»»Lfc8L 5 8S[S£>7*ot: K (P 0 

) £2 oremcftfctttf&iBTLfcfcs 4 0tt5^MLf:o MBETT\ 
THFRCJfa«lO-*ft***«*L/s||s 3$LT, ttJg 2 5mP a • s. ^ 
fDSSSil 3 SOftfcftfcttO'vrDSMfc^to (A-l) *Sfco ^oJS 
jk£$5 (A-l) Offi&te. ftl©No. lti^ilt^tl^o 



li£0|2 
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E.&%$siz-m{im* 9 o ® tmt u * v a 5 $ % thfho 

4 0) £2 0^&Tfc&5ttJ&<£MTLfcflL 4 0tt5« 
fifcLfco METT\ THFatfili|(Z)-WbjK**»*LA:tl, 6$LT. tt« 
1 3 OmPa • s> ^f-P^S^*2 1 8 ©^Stfeffc**©^ nSMb^lftl (A- 
2) £8fc„ ^f-n^b^tl (A- 2) ©Ifitte, llONo. 2T£>££8i/£ 

MM 3 

SJ6SSIC-Wbft* 9 oaBiJMbUf-tfASSIk THF 1 2 0 SB£{±&/ll? 
*#»jS¥LfcSU 5 8 SIS© h lMf-l/>:**1M K£2 Ot;JBlT»C«^tt*<e,* 
Tltz'&, 4 0 o Ct5^f«U:o METT\ TH F*5 J:^««©-«ftft* 
£B*Lfctl* 5i§LT, tt^4 OmPa • s> ^cSSSil 4 0©M6 
*#0^rPSMb^«B (A- 3) ^rH/Co ^xn^b^ (A- 3) Ofllifttt, 
llONo. 3T&<5£3f££ft3o 

KJSgS&fciiflMblfc* l l 7 & ^ u ■> 9 tr U u- h 2 l 9 g|5. i&4b U 
f-)A5. 3«x THF1 2 OS&££tti^Tjt#&j$Lfc&s ^'U->^M* 
?UL/-h2 1 9S|5£2 5°C£lTiZ&%ts.t<t,ffirtt z ^ 4 0 °CT 5 BtHSJUlEfc 

L/Co MffTT, THF&tf«il©-ttftft*£f^Lfc8L 6iiLT s ttft 3 
ImPa • Ss ^DiI312 1 8©»Jtfett#©^TnSMb£4ll (A- 4) 

£$§/ Co ^xo3s^b^ (a- 4) ©«£(4, iiono. 4-e&&£#t£$ft 

So 

^Sfefl] 1 ~ 9 , Jt$S!0l] 1 ~ 6 

£2iz*itzm&mr\ «u buie© (i)~(vi)ott 

£K£*4#«^g^#^*K2^±W"9 u *fl:£4& (B) iLTIi, &©*>© 
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#iJx#WK (Bl) ; t'X7x;-^A^/'J->^;Px-f;l/ (ifrffc-> 
x^i^4->ttSS rjLt'n- h 8 2 8 j ; xf^ySll 9 0, 1 , 0 0 

0 mP a • s) (B- 1 ) 

#'HVi/7*-h (B2) ; 4, 4* -MD I (B-2) 

# 'J »7Ktl (B 3 ) ; M?K fa M 'J -y (B - 3 ) 

#y***y , ';y> cbs) ; 2- (1, 3 -**i^/y yy- 3 --r;u) - 

i^y-^tHD I iOS^JCk-aT^btl^^U^ + ^VU (B - 5) 
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